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Analytic Functions s

Calculated based on group of rows
Similar to aggregate, but return all rows
No need to use "GROUP BY"

Most aggregate functions have analytic
versions



Analytic Functions Concept =

Name Sal Avg
206 Gietz 8300 | 6411
198 Oconnell | 2600 | 6411
204 Baer 10000 | 6411
101 Kochhar 17000 | 6411
127 Landry 2400 | 6411
131 Marlow 2500 | 6411
112 Urman 7800 6411
116 Baida 2900 | 6411
107 Lorentz 4200 6411

VIR

e Usedin select clause
e \Works for each row
* |nputis the result set



206

Analytic Functions Concept =

Name

Gietz

Sal
8300

Avg

9460

204

Baer

10000

9460

101

Kochhar

17000

9460

112

Urman

7800

9460

107

Lorentz

4200

9460

VIR

Used in select clause

Works for each row

Input is the result set

So, after: where/group by/etc.
But before: order by



LS

Analytic Functions Concept

Name Sal Avg

YYD

206 | Gietz 8300 |+6411 | |Jse data from other rows
198 Oconnell 2600 -»6411

without:
204 Baer 10000} 6411
101 Kochhar ||17000-6411 B GrOup by
127 | Llandry  ||2400 |+6411 - Selfjoin

131 Marlow 2500 |-+6411

112 Urman 7800 6411

116 Baida 2900 [-r6411

107 Lorentz 4200 6411
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Analytic Functions Concept

DEPT Name Sal

) |cez 18300 64| gnalytic functions can calculate
Oconnell | 2600 | 6411 }
based on:

Baer 10000 | 6411

A

Q

Q Kochhar 17000 | 6411

Q landry | 2400 |e411 | the entire resultset ...
M

VA

Z

Marlow 2500 6411

Urman 7800 6411

Baida 2900 6411

\Z\ Lorentz 4200 6@/
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Analytic Functions Concept =

DEPT Name Sal Avg
A Gietz 8300 | 5450 )
A Oconnell | 2600 | 5450 |
(Q Baer 10000 | 9800
Q Kochhar 17000 | 9800
la_ [landry |2400 |9s00 ) ... Or just the rows by their
M Marlow 2500 | 2500 g rou p
'z Urman 7800 | 4967
Z Baida 2900 | 4967
|\Z Lorentz 4200 4967




Analytic Functions Concept

Name

Sal

Avg

101 Kochhar 17000 6411
107 Lorentz 4200 6411
112 Urman 7800 6411
116 Baida 2900 6411
127 Landry 2400 6411
131 Marlow 2500 [—r6411
198 Oconnell 2600 6411
204 Baer 10000 6411
206 Gietz 8300 | 6411

LS

The rows can be relative to the
current row:

All rows -
from first to last



Analytic Functions Concept

Name

Sal

Avg

101 Kochhar 17000 17000
107 Lorentz 4200 10600
112 Urman 7800 9667
116 Baida 2900 7975
127 Landry 2400 6860
131 Marlow 2500 J—>6133
198 Oconnell 2600 5629
204 Baer 10000 6175
206 Gietz 8300 6411

LS

The rows can be relative to the
current row:

From first row
To current row



Analytic Functions Concept =

Name Sal Avg
101 Kochhar 17000 9667
107 Lorentz 4200 7975
112 Urman 7800 4325
116 Baida 2900 3900
127 Landry 2400 | 2600
131 Marlow 2500 [—r4375
198 Oconnell 2600 5850
204 Baer 1000@ 6967
206 Gietz 8300 9150

VIR

The rows can be relative to the
current row:

From 1 row before
To 2 rows after



Analytic Functions Concept

Name Sal Avg

101 Kochhar 17000

107 Lorentz 4200 17000
112 Urman 7800 ) 10600
116 Baida 2900 9667
127 Landry 2400)\ 4967
131 Marlow 2500 \4367
198 Oconnell 2600 2600
204 Baer 10000 2500
206 Gietz 8300 5033

VIR

LS

The rows can be relative to the
current row:

From 3 rows before
To 1 row before



AG*
CLUSTER_DETAILS
CLUSTER_DISTANCE
CLUSTER_ID
CLUSTER_PROBABILITY
CLUSTER_SET

Full Syntax

CORR * ﬁm
COUNT # —)G:'II‘IEI hft": fUI‘IE’[IIDI‘D-O OVER

COVAR_POP *
COVAR_SAMP *
CUME_DIST
DENSE_RAMEK
FEATURE_DETAILS
FEATURE_ID
FEATURE_SET
FEATURE_WALUE
FIRST
FIRST_VALUE *
LAG

LAST

LAST_WVALUE *
LEAD

LISTAGG

MAX *

MIN *

NTH_VALUE *
MTILE
PERCENT_RAMEK
PERCENTILE_CONT
PERCENTILE_DISC
PREDICTION
PREDICTION_COST
PREDICTION_DETAILS
PREDICTION_PROBABILITY
PREDICTIOM_SET

RANK
RATIO TN REDNDT

-

mm:lnw name

query_partition_clause

e

CURRENT H ROW }\

UNBOUNDED H PRECEDING UNBOUNDED H FOLLOWING

CURRENT H ROW CURRENT H ROW

lue_
(o)

PRECEDING

(e}

W

UNBOUNDED H PRECEDING |7

CURRENT H ROW }

vaue_expr)-,| PRECEDING }—J

= New in 21c



Syntax - order by

Name  Sal Row_number

1000 3 select

1500

row number ()
over (order by sal)
from

500

3000

1600

1700

1200

900

(N | & N O | O | = U

2000




Syntax - partition by

Name Dept Count

10 select

10

count (*)
over (partition by dept)
from

10

10

10

20

20

20

= W (W W v ;| n

30




Syntax - window (rows) =

VIR

select
avg (sal)
over (order by sal
between
preceding and
following)
from

Name  Sal Avg
500 700
900 800
1000 1033
1200 1233
1500 1433
1600 1600
1700 1767
2000 2233
3000 2500




Syntax — window (range) -

VIR

select
avg (sal)
over (order by sal
between
preceding and
following)
from

Name  Sal Avg
1000 1100
1200 1250
1400 1400
1400 1400
1500 1533
1500 1533
1700 1600
1700 1600
2000 2000

Without "window" default is:
RANGE BETWEEN
UNBOUNDED PRECEDING AND CURRENT ROW




Syntax —window (groups) >=21c =

VIR

select
avg (sal)
over (order by sal
between
preceding and
following)
from

Name  Sal Avg
1000 1250
1200 1333
1400 1486
1400 1486
1500 1600
1500 1600
1700 1680
1700 1680
2000 1800




New in 21c - Window Clause (Named Windows) t—

Define a window
Give it a name

Reference it in
analytic functions

select

avg(sal) over my window
from

where

window my window as
(partition by dept id
order by sal
rows between
1 preceding and
2 following)




s

New in 21c - Exclude Clause o=

Exclude Result-Set rows

From the function !!
Not from the resultset!!

EXCLUDE CURRENT ROW

 The current row
(if it's in the window)

EXCLUDE GROUP

 Allrows in the window with the
same value as the current row

EXCLUDE TIES

* All **other** rows with same
value as current row

EXCLUDE NO OTHERS

* No rows are excluded (default)




Usage

 In the SELECT or ORDER BY clauses
e Can't be used in the where clause
e Can't be nested

70

OCS
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Benefits =

* Use just one table access
* So, performance

* Readability/maintainability
(provided you master analytic functions)



Examples

gl
A0l




* For each employee show the person in the
same department who earns the most

DEPARTHMENT ID

3C
30
3C
3C
30

Lad

N LA

FIRST HAME LAST NAME

/ last value

VIR

LS



first_value - Doc

(select nvl (department id,-1) ,max(salary) max sal

from employees
group by department id)

You first get the max

salary per
department




first_value - Doc

Then the employees
that earn that max

salary in their

1
(select department

department id, salary
first name || ' ' || last name name,
from
employees
where (nvl(department id,-1),salary) in
(select nvl (department id,-1) ,max(salary) max sal
from employees
group by department id)
) high sal,




first_value - Doc

select
e.department id, e.first name, e.last name, Finally, you join that to
e.salary, high sal.salary, high sal.name "employees" by department_id
from to get all employees with the
(select employee with highest salary
department id, salary
first name || ' ' || last name name,
from
employees

where (nvl(department id,-1),salary) in
(select nvl (department id,-1) ,max(salary) max sal
from employees
group by department id)
) high sal,
employees e
where nvl (e.department id,-1) = nvl(high sal.department id,-1)
order by e.department id, e.employee id;




first_value - Marty MR

first value (e.salary)

over (partition by e.department id order by e.salary desc)

first value (e.first name|| ' ' ||last name)

over (partition by e.department id order by e.salary desc)

Actually Doc, why not use the
first_value function to partition

by department, order by salary
desc and get the first_value of
salary and name?




70

first_value - Marty 0=

select e.department i1d, e.first name, e.last name, e.salary,
first value (e.salary)
over (partition by e.department id order by e.salary desc)
as high sal,
first value (e.first name|| ' ' ||last name)
over (partition by e.department id order by e.salary desc)
as high sal name
from employees e
order by e.department 1id,

e.employee 1d;

: Greqt Scott.
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Lag / Lead =X

* | need a list of orders with the number of days
since the previous order of the customer

CUSTOMER_ID CUST_FIRST MAME CUST_LAST_NAME ORDER_DATE

Welles
Welles
Welles
Welles
Pacino
Pacino
Pacino
Pacino
Taylor
Taylor
Taylor
Taylor
Sutherland
Sutherland
Sutherland
Sutherland
MacGraw
MacGraw
MacGraw
Machraw
Hannah
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Lag - Doc

UL S

Simple!
Self-join orders to older orders

But, Doc??
You go to the table twice,
then disregard what you
don't need!

Group on customer

Get most recent (older) order date

Subtract from order date

Done



Lag - Marty ﬁ

select

over (partition by customer id

from orders

’ Just partition on the
customer




Lag - Marty @

OCS
select
’
lag (order date)
over (partition by customer id
order by order date
)
from orders

Then order by order date

Get the previous order
date




Lag - Marty @

OCS
select customer 1d
’ cust first name
/ cust last name
’ order date
, round (order date

lag (order date)
over (partition by customer id
order by order date

)

) days since last

from orders
order by customer 1id
/ order date

°
4

Subtract from order
date, done.



Lag - Plans MR

OLS
| Id | Operation | Mame | Rows | Bytes | Cost | Time |
| @ | SELECT STATEMENT | | 1es | 7148 | 4 | ea:08:01 |
| 1| SORT GROUP BY | | 1es | 7148 | 4 | ea:08:01 |
| 2 | NESTED LOOPS OUTER | | 185 | 7148 | 3 | ev:00:01 |
| 3 | TABLE ACCESS FULL | ORDERS | 1es | 4838 | 3 | ee:e0:01 |
| * 4 | TABLE ACCESS BY INDEX ROWID BATCHED | ORDERS | 1 | 22 | 8 | ea:08:01 |
| * 5 | INDEX RANGE SCAN | OE_ORDER_CUSTOMER I | 2| | 8 | 90:80:01 |

Look Doc, this is the
plan for your
statement

...and this is the

one for mine

SELECT STATEMENT
WINDOW 50RT




Lag / Lead ===

* My status history table is not allowed to have
overlaps or gaps ATIOLID St STRLINE e o
in status validity '

[ ]

initialized :
started
initialized :
started
active
initialized
started
initializred
initialized
started
active
terminated
initialired
started
active
terminated
initializred
initialized
started
initializred
initialized

o &

-@5-11
-a4-28
-@5-12
-@4-148
-A5-a9
-@5-17
a6-15
-@7 -84
-@4-24
-@a5-a2
-@5-83
-@5-85
-@3-29
-@3-24
- @4 -84
L
-@34-15
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Lead - Doc R

OCS

Update/delete trigger
denies or 'fixes' the

insert trigger sets end date Watch out: gaps it creates

of previous row mutating table '
Again:
Table must have mutating table
start-date/end-date
columns ”
- ' b And of course,
j | pray to great Scott that

ISR disable the triggers,

ever.



Lead - Marty

And then determine
Why not the end date in a view

ONLY a start-date? '

create or replace force

view v_status hist

as

select action id

, status

, start date

, lead(start date)

over (partition by action id

order by start date
) end date

from status hist




VIR

/ 1ocs

* Show podium winners in a competition (1%,
2" and 3" places for Gold, Silver, and Bronze
medals)

Podium for 100m freestyle swimming men (Rio 2016):

ieter Timmers

n Adrian




rank - Doc

select

rownum place, country, name, time

from
(select
country, name, time Easy!
from olympics Let's use rownum

order by time

)

where rownum <= 3;

1A
A0l




rank - Doc

70

But what about a tie?
If Nathan Adrian got 47.8s as well?

LS




rank - Marty

select *
from

(select

country, name, time

from olympics
)

where ;

VIR

LS



dense_rank - Marty R

OCS
select *
from
(select , country, name, time

from olympics
)

where

et

=
al
O

(& 1] (& 1] |
-t

it
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max / min ==

* How much does every employee in the IT and
Finance departments earn more than the
lowest and less than the hlghest salary in their
department

DEPARTMENT_ID FIRST_NAME LAST_MAME SALARY 55_THAN_HIGHES MORE_THAN_LOMWEST

6@ Diana orentz 1288 1888 A
68 Davi Austin 4 38d 4208 Baa
68 Valli Pataballa 1588 4288 a8
6@ Bruce Ernst LaAaa Jaaa 1884
68 Alexander Hunold ogae & 43588
188 Luis Fopp Lo9aa 5188 &
188 T=smael Sciarra 77aa 4388 5aa
188 Jose Manuel Urman 7288 4288 oga 8
188 John Chen 2288 3888 1388
18@ Daniel Faviet o@aa 3088 2188
188 Mancy areenberg 12888 a 51as




max / min - Doc

Okay, get the highest

and lowest salar
with Y

department extremes as
(
select department id
, min (salary) lowest salery
, max (salary) highest salary
from emp details view
where department id in (60,100)
group by department id
)

DEPARTMENT_ID | OWMEST_SALERY HIGHEST_SALARY

#si
A0l




max / min - Doc

select vw

4

4

4

14
from

join
on

VW

VW.

.department name
.first name

VW.
VW.
ex.

last name
salary

highest salary - vw.salary 1less than highest
more than lowest

salary - ex.lowest salery

emp details view VW
department extremes ex

ex.

department id = vw.department id

order by vw.department name
vw.salary

’

°
14

Then self-join that to
the original table

And do some
calculation

1A
A0l



max / min - Doc

DEPARTMENT _NAME FIRST_NAME LAST_NAME

Finance

Finance Izmael Sciarra
Finance Jose Manuel Urman
Finance John Chen
Finance Daniel Faviet
Finance Nancy Greenberg
IT Diana Lorentz
IT Valli Pataballa
IT David Austin

IT Bruce Ernst

IT Alexander Hunold

There!!
Doesn't get much simpler than that

Hold my beer.....




A
A0l

max / min - Marty =24

Just use the max and min

analytic functions Other aggregates like
SUM/COUNT/AVG also
available as analytic

select department id
first name

: last name functions
, salary
, max (salary) over (partition by department id)
- salary less than highest
, salary -

min (salary) over (partition by department id) more than lowest
from employees
where department id in (60,100)
order by department id
, salary

°
4
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Ntile Ses

* The nightly invoicing job runs too long. We
need it to evenly distribute the work over 10
subjobs. Determine the work to be done by
each subjob

EROEEVROCS>desc involces

Name Mull? Type

1D NOT NULL NUMBER( 18)
CUSTOMER_ID NOT NULL NUMBER( 18)
READY TO_SEND VARCHARZ (1)




Ntile - Doc

Hah!

Simple.

14

from
where

°
4

select id

Add a rownum to the select

A mod(rownum,10) will give

each record the jobnr that
should process it

mod (rownum, 10) job id
invoices
ready to send = 'Y'

PO R R Y [ A Y

g
5
1
£
EI

#si
A0l




Ntile - Marty

Hold on, Doc!
It's still not fast enough.

Because ID's that are close

to each other are in the same
block.

All jobs are constantly
competing for the same
block

We need:

Job 1: first 10% of the rows
Job 2: second 10% of the rows
Etc.



Determine number of rows in
each job

Without decimals (floor)

Determine number of 'leftovers’

Spread out 'leftovers' over
the first jobs

Hmm tough one!

ordered by ID
Get a row number

calculate row number for first
and last row in each job

Assign job ID to each row,
based on row number and
first/last row number of jobs




Ntile - Doc

with

table_dimensions as

(

select floor (count(*) / 10)

’
from
where

)

mod (count (*) ,10)
invoices
ready to_send = 'Y'

, job sizes as

(

select level job_id

’

from

min_rows_per_job
+
case

when level <= leftover_rows

then 1
else 0

end rows_to_process

table_dimensions

connect by level <= 10

)

, job_dimensions as

(

select job.job_id

’

from

)

nvl ((select sum(prv.rows_to_process)

from job_sizes

where prv.job_id < job.job_id

)
0

min_rows_per_job
leftover_rows

prv

) +1 start_row_seq

(select sum(prv.rows_to_process)

from job_sizes prv

where prv.job_id <= job.job_id
) end_row_seq

job_sizes job

, row_sequence as

(

select

’
from

)
, row_jobs
(
select
from
join
on

)

id
rownum row_seq
(
select id
from invoices
where ready to_send
order by id
)
as
rs.id
jd.job_id
row_sequence rs
job_dimensions jd

= 1y

rs.row_seq between jd.start_row_seq
and jd.end row_seq

select job_id

, min (id) job_start_id
, max (id) job_end_id

, count (*) job_rows

from row

jobs

group by job_id
order by job_id

Yes!

An unnecessarily very
complex query!!

DO YOoU KNOK NHRTwS HERNS?




Ntile - Marty

select 1id
, ntile (10)
over (order by id) Jjob id
from invoices
where ready to send = 'Y'

Just use NTILE to
assign a job ID to
every row




Ntile - Marty

select job id

, min (id) job start id
, max (id) job_end id And then
y count (*) job_rows group that
from (

select 1id

, ntile (10)

over (order by 1id) job 1d
from involces

where ready to send = 'Y'

)

. . J0B_ JOB_START_ID JOB_END_ID JOB_ROWS
JroUP Dy O I it
order by Jjob id /
. 2813 2996
! : 2998 4939

4842 2835
2836 6al4
6815 7818
Fal9 7992
7993 8998

6999 laaaa



R
Mix Different Functions oS

* Find the top 2 earners in each department,
but we're only interested in the 3 largest
departments

FIRST HAME LAST HAME SALARY DEPARTHENT ID




Mix Different Functions - Doc IS

A
A0l

Oh, to many round
trips? Then a few self

Then query each joins
department for top 2

earners

Easy! Let's get the
largest departments

based on count(*)

Or PL/SQL



Mix Different Functions - Marty éles

ST EIE L LV dep_size is using count(*) to count how many

last_name, people there are in each department
salary,

department id,
count (*) over (partition by department id) dep size,
row_number ()
over (partition by department id
order by salary desc) sal rank

from employees

sal_rank is ranking each employee in

their own department based on salary




All together - Marty *%

select first name, last name, salary, department id,
dep size, sal rank
dense rank() over (order by dep size desc) dep rank

from
(select first name,
last_name, dep_rank is ranking the department based on
salary,

their size (using the dep_size from previous step)

department 1id,
count (*) over (partition by department id) dep size,
row number ()
over (partition by department id
order by salary desc) sal rank
from employees) e



All together - Marty -%

select first name, last name, salary, department id
from
(select first name, last name, salary, department id,
dep size, sal rank,
dense rank () over (order by dep size desc) dep rank
from
(select first name,
last name,
salary,
department 1id,
count (*) over (partition by department id) dep size,
row number ()
over (partition by department id
order by salary desc) sal rank
from employees) e
) Now only take the employees that

where| dep rank<=3 and sal rank<=2 their dep_rank is up to 3, while their
order by department 1d,salary desc; sal_rank in the department is 1 or 2




Until next time (sometime in the future)

DR




1912
. |

Q Q ?
“Stupid questions do exist.

But it takes a lot more time and energy to correct a stupid mistake than it
takes to answer a stupid question, so please ask your stupid questions.”

a wise teacher who taught me more than just physics






